In an exciting and surprising paper in a recent issue of *Cell Cycle,* Leidecker et al. show that the balance between protein modification by ubiquitin or the ubiquitin like protein NEDD8 is dramatically altered by cellular stress. In a variety of conditions that reduce the concentration of free ubiquitin, a very dramatic increase in protein modification by neddylation is revealed. Importantly, this process is shown to arise as NEDD8 is activated under these conditions by the ubiquitin-activating enzyme Ube1 and not by the typical NEDD8 specific EI enzyme, NAE. This results in many proteins in stressed cells being modified by mixed ubiquitin NEDD8 chains, which is highly relevant in the development of novel cancer therapeutics, as the NAE specific inhibitor MLN4924[@R2]does not block this new pathway despite its promising anticancer activity.

Initial comparative studies on the ubiquitin and ubiquitin-like (Ubl) protein pathways have established that each pathway has separate and specific enzymes both for activating the Ubl and for removing it.[@R3] In the case of NEDD8, the E1 is NAE; the E2s are Ubc12 and Ube2F, and the E3s include the Rbx1 and Rbx2 RING finger proteins as well as members of the DCN family of proteins. The first studies of the NEDD8 system suggested that there were very few substrates for this modification, with most emphasis placed on the cullin proteins. The cullins are components of the cullin-RING ligases (CRLs) that are responsible for the ubiquitylation of many critical substrates, for example, oncoproteins such as cyclin E and c-myc. The cullins are modified by neddylation, which increases the E3 activity of the CRLs, probably through structural alterations that free the Ring domain of the E3 and/or by blocking the binding of inhibitory proteins such as CAND 1.[@R4]^,^[@R5] Recently, many new substrates and E3 ligases for NEDD8 have been uncovered, with initial studies identifying p53 and Mdm2 as substrates for neddylation, and Mdm2 as a E3 ligase for both NEDD8 and ubiquitin.[@R6] Proteomic approaches have now identified many more substrates, notable among them being the ribosomal proteins involved in signaling to p53.[@R7]^,^[@R8] In the current study, the authors found that a high level of NEDD8-conjugated proteins were rapidly induced by proteasome inhibition with MG132, but that this reaction was not inhibited by MLN4924, even while the same compound was blocking cullin neddylation. This meant that another E1 had to be in play for the neddylation of these new substrates, and knockdown of Ube1 (which was known to be able to activate NEDD8 in vitro)[@R9] showed that it was, indeed, responsible. Exploring further stress signals showed that this increased neddylation response was induced by heat shock and by elevated levels of reactive oxygen species (ROS). Since all of these stress pathways reduce free ubiquitin levels, the authors asked if NAE-independent neddylation could be triggered simply by reducing free ubiquitin levels. The clearly positive results of this study suggested that competition with ubiquitin for Ube1 may normally limit Ube1 activation of NEDD8 and the neddylation of non-cullin substrates ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** Nedd8 pathway and stress. (A) In unstressed cells, two parallel and non-overlapping pathways are in play. Nedd8 activation is through the action of NAE, while ubiquitin is activated by Ube1. Substrate selectivity of the E2 and E3 results in many proteins being ubiquitinated, but few are Nedd8-modified, notably, the cullins. (B) Low free ubiquitin levels in stress conditions results in Nedd8 being activated by the ubiquitin Ube1 as well as NAE1. This, in turn, results in a large increase in the variety of protein substrates that are NEDD8-modified, in addition to the cullins.](cc-11-1488-g1){#F1}

In stress conditions then, when free ubiquitin levels fall, Ube1 acts as a sensor of this state and neddylation increases. Why would this be useful? The speculation is that the modification of substrate proteins by NEDD8 may help the cell to cope with stress signals, for example, by promoting cell survival through inhibition of the degradation of very labile pro-survival proteins, such as Mcl-1. After the stress signal abates, the many effective de-ubiquitinating and de-neddylating enzymes can come into play to restore homeostasis. Improved mass spectrometry methods developed in this paper using Lys-C to digest neddylated proteins allow one to distinguish NEDD8 modification from ubiquitination. This helps to further refine our knowledge of this fascinating system, but, meanwhile, protein neddylation may provide a new biomarker for cellular stress. Many critical issues remain to be resolved: are there proteins with ubiquitin/NEDD8 binding domains that specifically recognize the ubiquitin NEDD8 hybrid chains that result from these stress signals? Which E2s and E3s are responsible for stress-induced neddylation? Should Ube1 inhibitors be developed to complement the NAE inhibitor in cancer treatments, or would they prove too toxic? The next few years promise to reveal critical insights into the crosstalk between the different Ubl pathways.
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